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Generate scientific and technological 
information in the “soil-water-crop-
atmosphere” interface leading to more 
competitive, efficient and sustainable 
agricultural systems with emphasis on 
irrigation, agronomy and the environment, 
and with an applied-research focus
General objective
Strengths
• Multidisciplinary group
• Adequate critical mass
• Multi-objective scientific and technological  
production
• Stakeholder involvement
• Applied-research, problem-solving 
approach
• Versatile outdoor experimental facilities
Background in agricultural engineering, biology, 
chemistry, geology and physics
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Eight doctors have been “lost” in the last five years…
Personnel – Temporary researchers
Year 2012
STUDENTS
TECHNICIANS
1 Final Career Project
11 Ph D
9 temporary
9 permanent
Personnel – Technicians, students
Year 2012
12Students
46TOTAL
18Technicians
4Temporary researchers
12Permanent researchers
Personnel – Total
Year 2012
77Dissemination activities
93PhD and postgraduate courses
47PhD and MSc thesis, Postgraduate
10,2*PhD scholarships
8*Personnel contracts
3.9 M €Public and private funding
95Congresses with proceedings
32Books/book chapters
61Non-SCI publications
105SCI publications
Nº
Indicators 2006-2010
*Average/year
Priority lines
1- Sustainable use of water and soil 
resources
2- Environmental impact of agricultural  
activities
3- Crop agronomy
1- Evapotranspiration and crop water requirements
2- Diagnosis/improvement of on-farm irrigation 
systems and irrigation conveyance networks
3- Diagnosis/support to collective irrigation 
management
4- Soil morphology, mapping and evaluation
Sustainable use of water and soil resources
Line 1 of 3
1- Environmental impact of irrigation: soils
2- Environmental impact of irrigation: waters
3- Analysis of relevant habitats in agricultural areas
Environmental impact of agricultural activities
Line 2 of 3
1- Crop responses to abiotic stresses
2- Optimization of water use
3- Optimization of nitrogen fertilization
4- Use of pig slurry as fertilizer
5- Agronomic applications of remote sensing
Crop agronomy
Line 3 of 3
Irrigation-salinity research highlights
• Application of 
electromagnetic 
sensors for appraisal 
of soil salinity
Design, development and applications of a 
mobile, georeferenced electromagnetic sensor 
for measuring soil salinity and other soil 
variables of interest in precision agriculture
Field
computer
GPS • Cost: 15000 € + 
tractor
• Versatile, robust 
and ideal for 
mapping of soil 
variables (salinity 
in particular)
Sled with Dualem 1S 
electromagnetic sensor
Development of soil salinity maps based on 
sensor readings (ECa) and ECa-ECe calibrations
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The INCO Qualiwater project (2006-2010): ECe maps obtained
in four irrigation districts (Spain, Morocco, Tunisia and Turkey) 
Black points: 
ECa lectures
Calibration of the EMI sensor in each irrigation 
district: nº of calibration points (N) and regression 
equations of soil-profile average ECe vs. ECa
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ECe (dS m-1) = a ECa (dS m-1) + b
Realibity of results: depends on the level of significance 
of calibration equations and degree of independence of 
ECa with other soil variables (water content, texture…)
Realibity of results: depends on the level of significance 
of calibration equations and degree of independence of 
ECa with other soil variables (water content, texture…)
Effects of ECe, gravimetric water content (WC) and 
saturation percentage (SP) on  ECa: nº of sampling 
points (N) and MLR equations of standardized ECa
against standardized soil profile ECe, WC and SP. 
Probability values: nsNot significant at P > 0.1, *, **, 
***Significant at P < 0.1, <0.01 and 0.001, respectively
0.86***0.33**-0.69***20TURKEY
0.88***0.03ns-0.12ns1.01***18TUNISIA
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0.95***0.00ns0.00ns0.23***29MOROCCO
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ECa (dS m-1) = a ECe (dS m-1) + b WC (%) + c SP (%)
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Salinity tolerance in field conditions 
using the “boundary line” approach
Response of crops
to soil salinity
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relationships.
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Soil-water
relationships
Surface: 750 ha
Total lectures: 42200
Time/ha: 6 min/ha
Surface-weighted ECa in each hydrological sub-basin
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• Impact of irrigation 
modernization on 
water quantity and 
quality
Irrigation-salinity research highlights
Irrigation modernization and water quantity
• Spanish water authorities claim that irrigation 
modernization will save up to 10% of total available 
water, equivalent to about 3,000 hm3/year. 
• However, it should be differentiated between:  
- Water use or demand, that will decrease with 
irrigation modernization
- Water consumption or crop evapotranspiration (ETc) 
that will increase with irrigation modernization
• Hence, available water at the hydrological basin level 
will decrease, not increase, with irrigation 
modernization.
The Flumen river before and
after entering the Riegos del 
Alto Aragon Irrigation District
Landsat 5TM satellite
image (RGB431): Non-
modernized Sector XI 
Irrigation District
(surface irrigation, 
3,405 ha) and
modernized Lasesa
Irrigation District
(sprinkler irrigation, 
9,709 ha) in Riegos del 
Alto Aragón
ETc will increase…
Irrigation 
modernization: 
effects on ETc
Intensification of cropping patterns 
(shift from winter to summer crops).
ETc will increase…
Cropping patterns in two RAA irrigation districts
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Irrigation modernization; effects on water quality
of irrigation return flows
      Annual irrigation return flows 
Zone Area Soil salinity Volume TDS NO3- Salt load Nitrate load NO3- losses 
  ha ECe dS m-1 mm mg l-1 mg l-1 t ha-1 kg NO3- ha-1 % 
SURFACE IRRIG.         
Bardenas A 95 < 2,0 755 541 58 4 98 44 
Bardenas B 216 < 2,0 1,113 423 77 5 195 56 
Bardenas C 409 2,0-6,0 635 2,170 - 14 - - 
Violada 3,866 2,2 (gypsum) 989 1,751 28 20 83 26 
Average   958 1,702 31 19 89 28 
SPRINKLER IRRIG.         
Monegros II A 494 2,0-6,0 48 - 125 - 14 10 
Monegros II B 470 2,0-6,0 194 6,983 112 14 49 22 
Average   119 6,983 119 14 31 16 
(*) The EC of irrigation water is low (< 0.4 dS m-1) in all areas
Irrigation modernization will increase contaminant 
concentrations, but will reduce the volume of water and 
loads of contaminants exported in the return flows ⇒
beneficial effect on the quality of the receiving water bodies
RIVER
Present
scenario
Scenario with 
reduced load
IRF
V = 1.000
C = 100
M = 100.000
IRF
V = 100
C = 200
M = 20.000
V = 10.000
C = 10
M = 100.000
V = 11.000
M = 200.000
C = 18 (+80%)
V = 10.100
M = 120.000
C = 12 (+20%)
Irrigation diffuse pollution: load is the critical variable
La Violada IRF
(inefficient surface irrigation)
V = 989 mm
C = 28 mg NO3/L
M = 83 Kg N/ha (26% de Nf)
D-IX IRF
(efficient sprinkler irrigation)
V = 48 mm
C = 125 mg NO3/L
M = 14 Kg N/ha (10% de Nf)
RIVER
Irrigation
district
How to minimize contaminant loads in IRF?
(Load = Concentration x Volume)
Reducing the volume
of IRF
Source
control
Sink
control
- Optimize 
irrigation
- Regulated 
deficit irrig.
Decreasing
drainage
Reuse
- Internal
- External 
- Decreasing 
agrochemical inputs
- Improving  
application dates
- Improving the 
management of 
livestock wastes
- Set up green filters/ 
wetlands in drainage 
courses
Reducing contaminant 
concentrations
RECOREBRO: Ebro River Basin Network for the 
assessment of irrigation-induced pollution
Convenios de 
colaboración CITA-CHE
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Ambito cuenca
Regadíos futuros
Regadíos actuales
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Collaboration Agreements
• Controlled deficit 
irrigation and soil 
salinization
Irrigation-salinity research highlights
CSD2006 – 00067
(2006-2011)
Santa Bárbara farm, ALM group
Controlled Deficit
Irrigation (CDI) in 
Woody Crops
Controlled Deficit Irrigation (CDI)
Change in policies based in maximizing yields 
per unit area to policies based in maximizing 
yields per unit volume of irrigation water
• Imposition of a water stress in periods without effects on 
crop yields… and with potential increases in fruit quality
• Strategy non-applicable to all crops
• CDI may save water and may increase water productivity 
(Kg/m3 water) by more than 200% 
• But may increase soil salinity / sodicity
Peach: seasonal evolution of soil salinity (ECe)
1- ECe increases along the irrigation season (April-September) 
due to an evapo-concentration effect
2- ECe decreases along the non-irrigation season (October-March) 
due to a rainfall effect coupled to low ETc
3- The ECe increase along the irrigation season depends on the 
imposed water deficit. Hence T2 increase > T1 increase
Drip-irrigated orchard; EC irrigation water = 1.2 dS/m; T1: Irrig. = 
100% ETc; T2:  Irrig. = 66% ETc; WD = Water Deficit =  ETc – I - P
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Strategies for soil salinity control in CDI
1- Decreasing the water deficit by increasing irrigation decreases
soil salinization (daily relative percent change in ECe)
2- This increase in Irrig. is compatible with CDI if it is applied in the 
non-irrigation season (when salt leaching is more efficient)
I- Decrease Water Deficit (WD = ETc – Irrig. – Precip.) by 
irrigating outside the irrigation season
y = 0.002x + 0.13
R2 = 0.745
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Irrig. season Non-irrig. season
Plastic
Pine bark
Geotextile
Bare
II- Decrease Water Deficit (WD = ETc – Irrig. – Precip.) by 
decreasing evaporation through soil mulching
Drip-irrigated nectarine orchard. Monitoring of soil solution EC (ECss) 
with suction probes. Four replications/mulching treatment
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Eficiency of mulching
treatments for salinity control
Plastic >  Pine Bark ≥ Geotextil  > Bare
Eficiency -+
DRIPPER
DRIPPER LINE
TREE LINE
Many thanks¡
